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-- } PILOT EVALUATION OF VANADIUM ALLOYS

fA ARA CT

Experimental vanaium-conluri um base alloys were fabricated
to sheet from 200-gram arc-melted iigats. The composition V b60w/o cb-

Siwlo zr-0. 075wlo C had ultirate tensile strength values of 97, 000, 77,000,

and Z0, 000 psi at i8000, Z000", and 2-4006 F, respectively On a density-

corrected basis, the values up to 2000F were the highest of all materials

studied under this and the preceding program.a The V40 w /O Cb-30w/o Ta-

twlo Rf alloy had higher 24006 F strength (25, 400 psi) but lacked, the high

room-temperaturle ductility of the V-Cb-Zr-C nateriali

Extruded and wrought plateand sheet Stock from the second
100-pound ingot (nominal composition V-4w/o Ti 20w/o Cb- wIo Zr-

0. 075w/o C) was received and distributed to organizations participating in

the data-exchange program. A total of 44 pounds of usable material was
obtained, compared to about 30 pounds for the first lgge ingot.

i l

i]
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PILOT -EVALUATION-OF-VANADIUMALLOYS'

I t This Is the eighth bi.monthly report, covering progress mAde

dring the period November 18, 1962 to, Jatia-ry 17, 1963, under Contract

fl NOw 6,2.O0i-c, entitled "'Pilot Evaluation of Vanadium. Alloy& ' (jARF

Projec :t B23i), Pr'evious studies of vanadium-columbium alloys have

demonstrated the exceilent wborkabil$ty, weldability, elevated-teperature

strength, and .oatability of compositions ini this systemi. The cutrent proa
:gramn is concerned with alloy development '(the optimriation of both vanadium-

:and columbium-rich alloys) and with the preparation of 1-00- or 150-poud
ingots of the most promising compositions for pilot evaluation The alloy

I! development efforts, based on data obtained from 200 gram arcmelted

ingOts, are substantially complete, In addition, two of the 100pound ingots

have been extruded, fabricated to sheet, and Are currently being evaluated

at the Foundation and by Aerospace and other organizations.participating in

the data-exchange program. Silicide-base coatings are currently under

study under Contract N600(i9)5982, and this related program includes the
coating of vanadium alloy speci.mens prepared under the pilot ev.auation

pr'ogr-arms. Another current program,under Contract N600(9)59567 is aimed

at improving the stress-rupture properties of vanadium aloys by investigation
.1 i of dispersion-strengthening mechanisms.

During the current reporting interval, efforts have been devoted

to the evaluation of mechaiucal properties of experimental alloys, so that the
composition of a third large ingot can be selected, A!though these d4ta are

substantially -omplete, speci.mens of a number of these experimental alloys
have been-silicoized (ARF Program B60i) and Are currently being exposed

to 22 09 F air. Final selection of a composition will be made as soo as -the

silicide oatings have demonstrated adequate protective capabilities up to

at least 24000 F. Also,9, during this report period sheet, plate,, and bar stock

from the. second 100-pound ingot (the composQsition V,4Ti 0Cb.-Zr-0. 075C
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was received front Du Poit nd, subse t forwarded to orga izations

desirizig peitesfor evaluation.

11. RESULTS -AND DIS&CUSSION

A. Experimental AlloysA--Fabidation,

The, previous bixriieithly prtegress report i-ncluded a list of the

exermntlalloys, prepared, under this programA (Table l AkrFB 2-1),

Duriig the crret report period, four additional 2-00-gramt compoitions

wer e ar c -melted. These inc-luded

fl V-i Zr-6OCb- iOTa- 0. 07:5C

adto- V 6t- 35C-r an
- ~V-Z5Mo ZZr"- 0.. IC

[! V- Z5Mo- 2. 5,Hf-0. ICG

I i ~The first of these ,omp ositions was selee~ted to study the -effects

~~of a i0wlo tantalum addition to a V=60Cb base, com~plexed with zirconium and

carbon. The remaining three alloys were selected on the basis of al oy

develo6pment sttudies performed by Crucible Steel Compaiy; ) All ingOts

except the V-25Mo-Z. 5f-O. iC material fabricated to 0. 05-0-inch thick sheet

j by hot rolling (2300"F) followed by warm (1200 F) then cold rolling. Speci;

m ens are being prepared for tensile and other evaluations.

Three additional ingots which were listed in Table I of the

previous report (ARF-B23-7) were subsequently fabr cated by hot and cold-
working techmiques. These alloys were based on V-iTi-7OCb, and contained

5w/o each Of tungsten, tanta1uwm, or moybdenum. Only the ingot containingIj Swlo _molybdenum €ould not be rendered to 0.050-inch thick sheet.

.B. Experimlnta Alloys--Tensile Data

Tensile data for a number of compos itions were obtained at

room temperature, and at 8009, 200,, and 2400*F. These sheet spec-i-

mensg, 0. 050-inch thick, were in the fully recrystallized condition, and a

strain r.ate of 0,. 06 in. /n. min was used. Elevated temperature data were

(1) V. C. Petersen and H. B Bomber:,ger, "'Development of Improved
Vanadiwm-Base Alloys for Elevated-Temperature Use " ASDTDR-
62-667, August, 1962
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obtained under a highly purified heilium atmos phere., The purity of the test

at tmosphere was c.ecked by the use of contam ination indicator tabs of D-3i
sheet wired to the gage, length of tensile specimens, and subsequently

evaluated for mjicrohardness. It addition, each elevated-temperature tensile

sam-ple was sabjected ,to a room-temperature bend test iri the gage portion
aafter fcr Bend dutility values comprared favorably with 'esults

obtained on annealed sheet indic-.ting Absetice of excessive contaiinatien

during elevated-temperature testiong,

The results of these tensiLe evaluations are pre'sented in Table
. In sIome cases, data fron, earlier reports Showing results at other test

temperatures are also included. Nine of the compositions were vaniadium-
rich, c-ontaiftig approximately 67 to 75w/o of this element. The balance 61,
the alloys conitained kom 24 to 39w/o of vanadium, with columbium contents

ranging from 30 to 70W/o.

Data for the high-vanadiu m alloys included four compositions
based on V-4Ti iZr. Carbon additions to this base resulted in an increase
in the elevated-temperature strength properties, especially in combination
with 5w/o tantalum and 2.5w/o molybdenum. A small ruthenium addition
(0. 5wfo) to the 2OCb 4TiiZr base produced a material which appeared to
be hot-short at 18000 and 20000 F. Somewhat higher strengths were notedii for a V-ZOCb-2. 5Mo-iZr-O, 075C base containing 5w/o tantalum or tungsten.
The highest strengths at 1800* F and above were found in alloys, based on
V-20Cb-iZr-0. 075C with additions of iOw/o tantalum or tungsten, The
composition V- 20Cb-i0W- I Zr-O. 075C had ultimate tensile,strength values

of 72, 500, 51, 700, and 14, 300 psi at 18009 2000, and 24000 F, respectively.

A subsequent table will compare the density-corrected strength values for
experimental alloys. While the iOw/o tungsten and tantalum additions prod-

up~ed relatively high strengths, these elements greatly increase the doensity ,

nd their effect on coatability has not yet been established. Another compo--
sit-on at the Z0w/o columbium level, V-00b-I0Ta. hadsiti 2Cb O~ahadunu s uaY hi

24009F strength (15, 400 psi), but had low tensile elongation (4 per cent) at

temperature.
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'Two alloys containing relatively large taitalutm additions were

evaluated, 'These comtpositionsa., V-3,Cb=a35TaiMXif and V-400b3~-~

were among the strongest of all alloys studied under this atnd previous

vanadium-alloy development programs,. The latter composition had ultim-ate

tensile strengths of 93, 000, 69, 500, and 25, 400 psi at i0O, 20000, and
t' Z~240,06P respectively. While. the deusity-cbrrected, streng;th valtersi at iS4066

and Z000,F are slightly lower than values for several other alloys, the

00'p s trength~density ratiexceeds all other compositions tested. Thesie

twoe coxmpsitais have latively low tefigild elbngatiotis at i800F', and the

rdor-temperatute, tensile e1ongatior v alu.es (17 and 10 per, cent) indicate

slightly reduced ductiity, compak,ed to Othe.r alloys studied. The remaini ng

alloys listed in Table I ton , 60 and 70w/o co6lumbiur,, Data are included,

f for sheet specimens from the 100-pound V=iTi=60Cb ingot, prepared by

double consumable -electrode atr-melting, followed by extrusion, and rolling.

' This mnaterial had unusiiually high tensille elongation (25%) at roomh temperature;'

possibly a result of the relatively low interstitial content.

Four experimental alloys were based on V-iTi-60Cb. Tensile

data for these compositions are not complete, but two alloys had loW room-

temperature ductility: V iTi-60 Cb - Z- 5Mo-. 5Ru with 1% tensile elongation

and V- iTi60Cb-5Ta with 6% elongation. Addition of 0. iw/o carbon or

0. 075w/o oxygen to V=iTi460Cb produced a moderate increase in the Z0000.F
strength, although the latter alloy was difficult to fabricate.9i Three porpositions based on V-iHf-60Cb wee also studied

and elevated-temperature daa show that the addit-ion Of lw/o tantalum

produced considerable strengthening, especially at 24000 F. The remaining

alloy at the 60w/o colmmbiuml evel, V460Cb-iZr-'. 075C, was the strongest
composition studiedqnder these programs at 1800 and 20000 F;. the ult-iate

tensile strength values were 97, 000 and 77, 000 psi relatively. At 24000 F

this alloy has an ultimate strength of about 20, 0.00 psi, the strongest of the

more ductile 60w/o c bumium a19ys, at this termperature. A new ingot of

this composition is beingL prepared to recheck these values,. and to obtain

additional roormtemperature data,. Results for t his alloy confirm earlier

findings that zircomum in co.mbination with carbon is, an effective strengthen-

er in vanadium-columbium alloys.
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I:

Exper-mental alloys evaluated during this, reportibng interval

V also include two compositions a t the 7Ow/o columbiurrm level, V-.iTi '10Cb-

5Ta aid ViTi7OCb-5W. While both. materiaIs had relatively high-strength

values at Z00V and 240O F, their, room-temperatre ducti lit was, excessively

low- tensile elongations were 0e to 2 per cent. While their 9406'F strength
values were near 20 000 pai, the d ensity-corrected strengths do not compare

fa-vorabley with otherlt

{ A group of selected alloys for which densi-ty-corrected strength

values have been calculated is shown in Table I. These6 data are for cornpo-

sitions which could be readily fabricated to, sheet; however,, i-n, a few cases,

the room-temperature ductility mxay be. somewhat low. Stre~n.gthdensity

rati6s, at roorn-temnperature vary over a relatively narr ow r ange. Consider-

ably larger variations occur at elevated tempferaturesj and the higher
Cuolumbium alloys usually exhibit higher strengths on a density-corrected

basis. The composition exhib~iing, by far, highest strength-density ratio

at room temperature and at i800o and 2-0006F was V60:C-b-lZr -0. 075C, and

this alloy at 24000 F was, strongest except for the V-40b-*30Ta -iHf material.

Although coatability of theise crompositions has not been established, it is

anticipated that no difficulties will be encountered with pack-siliconized

coatings on the V-6OCb-iZr-0. 075C alloy. Thus, this composition appears

to be a logical candidate for the third large ingot for pilot evaluation-.

C. Large In.got Fabrication

Extruded and wrought stock from the second 100-pound ingot

was received from bu Pont. The nominal composition of this material was

V-4Ti-200b-iZr-0. 075C. Ingot analyses were reported in the previous bi-

monthly progress report (ARF-BZ3i-7). Since that time, several sections
I i! of the b. 050-inch thick sheet h ave been analyzed for carbon, with results

ranging from 0. 05 to 0. 07w/O carbon (0. 06,w/o average). These data con-

firm the earlier analyses, and inacate that some carbon was lost during

ISmelting,

ARMQUR RES$EARCH FOUNDATION OF ILNOIS INTITUTE: OF TECHNOLOGY
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After fabrication, approximately 5. 8 s6q ft of 0., 050inch thick

shee't, 2. j, sq ft of 0. i"5 -nch, plate, 0. 24 sq it of, 0. -5-inch-11 plate,. and a

3 1 /2 by 6, 1/2 ,by i in. section of as-extraded bar were Available for evalu-

ation. Figure t is a photograph of this, materiali, showing the relatively

small amount of edge cracking on the thin s-heets. A total of 44 pounds Of

ecel -lent qua-lity stock was received, and the ingot, pr~io~r to etuin

weighed approximately 65 pounds, T.his yield is c onsiderably better than

that obtained for the first 100 pound ingot, which yielded only about 30 pounds

of usable material. Du Porit cornn.ented that this highvanadiu, m in g t did

not work-harde n to the degree experienced with the V iTi-6OCb al0y, a0nd

only one initermiediate anneal was required ifn sheet rolling. of the V-4Ti-

ZOCb-itZf -0. 075C material.

Sheet and other stock from this second large ingot were f or.

warded to the organizations requesting imaterial for evaluation under the

data-exchaige portion of this peograi, A, complet.e list Of rnaterial. foe-

warded will be included in a subsequent repoit. In addition, a portion of

the plate and sheet stock was retained by the Foundation for detailed
rmechanical Property evaluations. These data will be presented in tabular

[ form as soon as the various phases of the evauations have been completed.
Some data are now Available for the first 100-pound in6t(V-iTi-60Cb), and

these re.sults will be presented in a subseqent report when ad-itional data

are obtained.

Arra ngements have been m ade to have tensile and stress =

- rupture tests conducted at Wate-town Arsenal (AMRA).,o a sheet material

from the second and third large ingots. Two square feet of the second ingot

(V-4Ti-20,Cb-iZr 0. 075C) are currently being annealed and will be for-
warded to Watertown in the near future. Selection of a compQoition, for the

third in ot will be made as soon as, the silicide cQtings have been evaluated

on some of the more promising alloys,

III. SUMMARY

Exp erimental van adim alloys,, prepare.d a.s ZOO-gram

nonconsumable electrode arc -melted ingots. were evaluated for tensile proper-

tie.s at fe-mp-ex-atures up-to i21O0F '. Oh a density-,corrected basis., the -jloy

ARMOUR RESEARCH: FOUNDATIRON O'F L1LINOIS INSTITU;TE OF TEC.HN OLOGY
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Nog. Noj 24412

IFig. i
Baplt, n'set sltk frm the iOO0-pound ingot of V-4,Ti- 2OCba-iZr-O.- 075C.r Very little edge crac ingocurred OA the lar-ge 0. 050-inhthc het,
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Vf6I0Cb- ir -0, 075C was thhe Md hi hy dctie opitinds

tese to de atroom temperature, and at t18000 and 200 Z. Its denTsy

corrected stregth, at 2400 wast among the, highestof all materials studied

unider this and previous prograatms. A high-,antalu comp0sition o
30Ta- if, exhibited, a slightly highe r strenrigth-to-denisity ratio at 24100F,

but this material had low rbontemperature tnsile elongation (7 per cent)
coTpared to the 15 per cen value or the V-db- ZrC C m aterial. A numtiiyer

of alloys containing ZOWo vanai b in with Additions of re activ ele m ,enits
(titanium and _aino eractory mgetals ( mol
tungsten), an d ar, aluated ateatures uto 2400 These

materidals', generally, had 'higher r.o-temi~pera'tu~r elongations but were6

weaker on a densgity-eor,-rected basis than the high-columbium alloys at all
temnperaturles.i

Based on results to date, te V-60Cb-i Zr-0. 075C -c 6Mposit I on
ois the most lggical selection for the third. lanrge.S ingot fo±' pilot evaluadtio.

tTThe behavior of pack- silicoinized coati ngs and4 weldability and, bend ductilit y
V ~of this alloy are curikently being invkestigated prior to isun a uchas

order for Me tin g of the large ing. t

n Extruded bar and wrought plate and sheet stock from the secnd
IQ-pund ingot,(V-4Ti-20 Cb-iZr-0. 07,50) were received. A total of 44

pounds of excellent quality stock was obtain e, compr eda yiel of aonyly

g-I~ ~ ~ ~ ~ ~ ~ ~ ~ ~~a --~on Iuru~ i- --ces Se~ejo of aoonlsy, h id ag

about 30 pounds for the frst ingot. Samples hav been for arded to aero-a

space and other Qrgan zathiQuo participating in the data-exchange programn
Arrangements have al -.sopbeen-made t have s stock from the scon

third lar-ge ingots evalua ted at Watertown Arsenal (AMRA)..

TV. FU TU TV P, WORK

The alloy developmernt phase of this rg~ has be~encoped

excpDt. -for a lim it ed nu-mbepr -of mechanical property evaluatin on copo

sitions currentljy in process. Selection of a co mpito fo-he third large
ingot will be miad'e as soon astnil vales of the most promisin ;materials

are rechecked, and the protective capabilities of ailicide coatinpgs on these

alloys)have beendemnonistrated. Sheet andplatesoc fro the firsat two

ARMKQUR RESEVACH FOUNDATION Of ILLII1S 'INSTI1TUTIE :OF TECHNOLOGY
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iO0-potlnd i8ngots6 are ctrrently be ng evalated fmo -rechanmica and other

I propert-ies at the Faundation, and also, at aerospatce and .other or:gani2.ations

who have been suppied with matejrials,. DatA from these evaluations willHbe presentefd in su, bseqtant birmonthly teports, and w-ill be sum ma-rized in

a Final Report when all infor tion has been received fkrom the other organi

zations.

V. CONTIBUTING PERSONNE;L AN.D -LOGBOOKS

The followinpg ersonnel contributed t the wok reporbted

herein:

F. C. Holtz - rjc Sp8 io

B. R. Rajala - Project Leader

L. B,. Richard Project Technician

R. . Van Thyne Advisor

Respectfully submitted,

ARMOUR RESE19ARCH FOUNDATION OFB ILLINOIS INSTITUTEZ OF TECHNOLOGY

F. C. Holtze
mSenior Metallurgist

I I Metals and Ceramics Research

i
Tech Rev CRS
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